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Abstract   
TheCDLRG－CornellDigitaILibraryResearchGroup－isinvestlgatingbotharchitecturalandpolicy  
issuesforcreatingandmaintainlngdistributeddigitaIlibraries．Thearchitecturalbasisforthegroupfswork  
isthenotionofcomponenl－baseddigitallibraries，irlWhichdigitallibraryservicesareconstruCtedas  
independentmodules，OrCOmPOnentS，thatmaybedistributedacrosstheInternetandwhichcommunicate  
witheachotherthroughopenprotocoIs．AkeylSSuethatthegroupISeXaminlnginthiscontextarethe  
mechanismsforenforcingpolicies，Whichimpartintegrity（e．g．，PreSerVation，SeCurity，privacy）tothe  
digitallibraries，Onthesedistributedcomponents・Otherareasofresearchincludenewscholarlypublishing  
models，digitalo叫ectarchitectures，andnomadicdevices．   
1Introduction   
The∈⊇と昆G（CornellDigitalLibraryResearChGroup）isinvestigatingthearchitectures，  
protocoIs，andsupportlngmeChanismstocreateco〝甲Onent－baseddigitallibraries．This  
PaPerdescribesthenatureofthatresearchprogram．   
AnydescrlPtlOnOfaresearchprogramShouldbeginbybroadlyde鎖ningthesu切ectof  
research．Attemptstode員nethetermdigilallibra77，however，SOmetimesreserhblethe  
fabled“blindmenandtheelephant”・Icanonlyclaimtobeoneofthoseblindmenand  
Offtrtheparticulardefinitiononwhichthisresearchprogramisbuilt・   
Adigitallibraryisamanagedcollectionofdigitalobjects（content）andservices  
（mechanisms）associatedwiththestorage，discovery，retrieval，andpreservationofthose  
Objects．Managementhasthreecomponents：   
1・ItbeglnSWithselectionofthedigital0切ectsthatareconstituentsofthecollections  
ftomwhichthelibrarylSCOmPOSed．Theseo句ectsareselected良・Omaglobal   
infbrmationspace（e．g．，thesetofallpublishedbooks，Orthesetofal1digitalo叫ects  
OntheWorldWideWeb），andbecomeconstituentsofthelibrarycollectionsbased  
OnCriteriaappliedbycollectionmanagers（Whichmaybehuman，autOmated，Or  
SOmehybrid）．   
2．Managementalsoentailsthede缶nitionoftheservicesincludedinthedigital   
1ibrary・SomecommonexamPlesofservicesareindexlng，Whichallowsdiscovery  
Ofcontentinthecollections；PreServation，WhichassureslongevltyOftheo叫ectsin  
thecollections；andawareness，Whichalertsuserstochangesinthecollections・   
3．Final1y，managementincludesthedevelopmentandenfbrcementofpoliciesfbrtasks  
SuChascontrollingaccesstocollectioncontentsandpreservlngltemSinthe  
COllection．  
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Theuseofthetermcomponent－basedtorefinethisdefinitionisareflectionofabeliefthat  
thearchitectureofdigital1ibrariesshouldbebasedonmodularity－aWell－knownsoftware  
englneerlngPnnCiple・Thatis，digitallibrarySerVicesshouldbeconstruCtedas  
independentmodules，OrCOmPOnentS，thatmaybedistributedacrosstheInternetand  
WhichcommunicatewitheachotherthroughopenprotocoIs・Theadvantagesofthis  
modularizationincludecustomizability，theconfigurationofservicesinanindividual  
digitallibraryCanbetailoredtomeettherequlrementSOftheintendedusercommunlty；  
easeQfrdinemenちthefunctionalityofindividualservices（e．g．，neWSearChengines）can  
evoIveindependently；andextensibility，neWSerVicescanbedevelopedandintegratedinto  
theserviceinfrastruCture，andtakeadvantageofthefumCtionalityofexistlngServices■   
Thenotionthatdigitallibraryarchitectureshouldenablemultiplecommunitiesand  
individualstotai10rinformationcontentandinformationspacesforparticularneedsisa  
themethatextendsthroughoutourresearchprogram．．Thisreflectsthefactthattechnical  
SOlutionsarebutonefacetofdigitallibraryresearch，andthatcomplexsocial，POlitical，  
andeconomicfactorsmustbeconsidered．   
TheremainderofthispaperdescribestheresearchprogramoftheCDLRGinthe  
followlngareaS：  
。DigitalLibraTT坤astructure－CreatingtheserviceinfrastruCtureOnWhich  
distributeddigitallibrariescanbecreated．  
。Digita10bjectModels－PrOVidingthemechanismsfbrstorlngandcombiningmulti－  
formatcontentanddisseminatlngitinmultiplefashions・  
・Policies－PrOVidingthemechanismsfbrthecreation，administration，and  
enfbrcementofpoliciesthatmanagecontentandservicesindigitallibraries．  
●MetadataStandards－a1lowlngindividualcommunitiesofexpertisetofbrmulate  
andadministermetadatavocabulariesandcombinethemindescrlPtionsofdigital  
0叫ectsanddigitallibraryservices．  
●PublishingMbdels－eXaminlngneWParadigmsfbrsharinganddisseminatlng  
SCholarlyinfbrmation．  
・Devices－investlgatlngtheinteractionofdisconnecteddevicesandmobilenetworks  
inaninfbrmationenvironment．   
2 ResearchAreas   
Thissectiondescribeseachofthem勾OrreSearChareasoftheCornellDigitalLibrary  
ResearchGroup・Thefundedprq］eCtSinwhichthisresearchistakingplacearedescribed  
inSection3．   
2．1I）igitalLibraryInfrastructure   
Historical1yandconceptual1ythecoreworkoftheCDLRGliesinthefbrmulationand  
investlgationofinffastruCturetOfacilitatecomponenトbaseddigitallibraries・Thiswork  
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buildsonadesignframeworkdescribedin［l，2］．   
WorkoninfrastruCtureWithintheCDLRGbeganwiththe∈註ユ基（ComputerScience  
TechnicalReports）Prqiect，a辺△星空A（U・S・DeftnseAdvancedResearchPrqjects  
Agency）fundedeffbrttoexaminetooIsforelectronicpublicationofComputerScience  
TechnicalReports・Thisearlydigitallibraryprq7eCtWaSaCOllaborationofthe＝topnve‖  
COmPuterSCienceinstitutionsintheUnitedStates‥Berkeley，Carnegie－Mellon，Cornell，  
MIT，andStanford．   
Corne11contributedthemechanismforinteroperabilitylntheprqect，aSyStemCalled  
Dienst（DistributedInteractiveExtensibleNetworkServerfbrTechreports）［ま，4，5］．  
（Dienst，prOnOunCeddenst，isalsotheDutchwordfbr“service”．）   
Inthecontextofourresearch，theword“DienstHreftrstoanumberofthings：  
。Aconceptualarchitecturefordistributeddigitallibraries．  
◎Aprotocolfbrservicecommunicationinthatarchitecture．  
㊥Asoftwaresystemthatservesasareftrenceimplementationoftheprotocoland  
architecture．   
Broadlyspeaking，DienstisasystemforconfigurlngaSetOfindividualservicesrunnlng  
Ondistributedserverstocooperateinprovidingtheservicesofadigitallibrary．Theqpen  
architectureoftheDienstsystem－eXPOSureOfthefunctionalitythroughade鎖ned  
PrOtOCOl－makesltPOSSibletocombineDienstservicesinflexiblewaysandaugmentthe  
existlngServiceswithothermediatorseTVices，Whichbuildonthefunctionalityofthe  
existlngServices．   
AcompletedescrlPtlOnOfDienstisoutsidethescopeofthispaper，butabrieflistlngOf  
theftaturesofthearchitectureisasfbllows：  
。Adocumentmodelthatincorporatesunlquenamlng，multipleversions，10glCal  
StruCturlng，andmultiplecontenトtypedisseminations．Thisdocumentmodelisfu11y  
exposedthroughtheprotocol，a1lowlngmultipledisseminationsobjectsstoredin  
Dienstrepositories．   
・Asetofindividua11ydefinedservicesthatexposetheiroperationalsemantics  
throughanopenprotocol‥ TheinteractionbetweenasetofcoreDienstservices鵬  
UserInterface，QueryMediator（QM），NameServer（NS），Index，andRepository－   
isillustratedinFigurel．   
・Amechanismfbrcombiningservicesandcontentintomultiplecollections・   
・AmechanismfbrdistributingcollectionsamongreglOnStOfacilitateglobal  
distribution．   
OverthepastseveralyearS，Diensthasprovidedftrtilegroundfbrbothpractical  
deploymentandasatestbedfbrresearChintodistributeddigita11ibraries・Themost  
notabledeploymentofDienstisasthetechnicalinfrastruCturefbr耶m虻（Networked  
ComputerScienceTechnicalReftrenceLibrary）［畠，1］，agloballydistributeddigita1  
1ibrarythatincorporatescontentfromoverlOOinstitutions・Dienstalsoprovides  
technologyforanumberofotherco11ectionsincludingな盛基（theComputingResearch  
Repository）［8］andETRDL（ERCIMTechnicalReftrenceDigitalLibrary）［9］・  
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Figurel－DienstServiceInteraction   
WithintheCDLRG，WehaveexploitedtheDienstsystemandimplementationfbra  
numberofresearchinvestigations．Oneparticularareaisdistributedsearching；  
mechanismsfbrdeterminingqueryroutingamOngdistributedsearchengines［i9，ii，i2］．  
AnotherresearchareaisthemechanismfbrcreatlngCOllectionsinglobal1y－distributed  
digital1ibraries【エま，i4］．   
WorkontheDienstarchitecture，PrOtOCOl，andimplementationisongolng・Weare，atthe  
timeofwritingofthispaper（January2000），inthe丘nalstagesofproducinga塾星型  
蜘thatsupportsanewversionofthe！）ienstprotocol．Thesenewversions  
COnSiderablyenl1anCethefunctionalityoftheDienstsystem（e・g．，amOrePOWerfu1  
documentmodelfbrstruCtureddocuments，increasedmetadatafunctionality）andimprove  
themodularityofthesystem．ThisnotonlyfacilitatesadministrationofaDienstserver，  
butmakesthesystemmoざeamenableforresearchexperimentation（bymakingiteasyto  
improveandreplaceserv1CemOdules）．   
2．2 DigitalOb．iectArchitectl）re   
Digital1ibrarieshavethepotentialtorepresentnewtypesofcontentanddeliverthemin  
innovativeways・Existlngdigitallibraryresearchprq3eCtSanddeployedsystemsglVea  
glimpseofthispotentialbyprovidingaccesstodigitalcontentinavarietyofformS  
includingtext，images，Video，audio，maPS，datasets，andsoftware．TheutilityOfthese  
Slnglemediumdigitalresourcesisindisputable・However，therichpotentialofdigital  
librariesisfu11ydemonstratedbymultimediacontentthataggregat？Smultipleslngle  
mediumcontentstreamsthatareinter十relatedsemantically，StruCtural1y，andtemporal1y・  
Theresultisdigitalcontentthatismoreinfbrmativeandmoreaccuratelyrepresents  
Physicalreality．   
Acrossthisdiversityofcontentthereistheneedfor alayerofun拘nnityamOngdigital  
resources；adigitalobiectmodel［jま二迫】thatprovidescommonhighlevelfunctionality  
amongal1resourcesregardlessoftheircontent・ThiscommOnfunctionalityincludes  
d甲OSitinandaccess丘omrepositories，discoveTTbyusersandagents，disseminationor  
PreSentationofcontent，andaccesscontrolfbrprotectionofintellectualprope班y・Such  
high－1eveloperationalunifomityallowsmultipleo切ects，eaChwiththeirown  
idiosyncraticcompositionandcontent，tObecombinedindistributeddigita11ibrary  
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COllections．   
Whilegenericunibrmityofdigitalo句ectsisessentialtothe（inter）operationofdigital  
libraries，thereisalsotheneedねrfunctionalitythatexposesandexploitso叫ect  
jPeCUicity・Forexample，atthemostgenericlevel，disseminationfromadigitaloqectis  
SlmPlytheoutputofastreamofbits．Attheo句ectspecinclevel，however，disseminations  
takeonunlimitedfbrmsunlquetOthesemanticsofthespecincdigitalo句ect；fbrexample，  
theoutputofaframe丘oma“video”digitalo叫ect，aPagefroma”book”digitalo叫ect，Or  
asubroutinefroma“program”digital0りject．   
IntheEEQQRA（FlexibleandExtensibleDigitalObjectandRepositoryArchitecture）［il］  
Prq］eCt，theCDLRGisinvestlgatlngageneraldigitalobjectmodelandrepository  
architectureforencapsulatingandsecurlngdigital1ibrarycontentofallfbrmsandgenre．  
Mechanismsforextensibilityarebuiltintothearchitecture，therebyallowlngindividual  
COmmunitiestodevelopnewcontenttypesandrightsmanagementschemes，yet  
interoperateinabroaddigita11ibraryframework．Thekeychallengesweareaddresslngln  
FEDORAinclude：  
⑳thecreationofcomplexo叫ectsthataggregateheterogeneoustypesofdata，Which  
maybedistributedinlocation，   
・theabilitytoendowtheseoりjectswithsetsofbehaviorsthatpertaintoanyglobalor  
domain－SPeCincnotionofcontent（SuChasabook，ajournal，anarticle，amOVie，Or  
Others），irrespectiveoftheo切ecttsunderlyingstruCture，   
。Clientaccesstomultipleviews，Ordisseminations，Oftheo叫ectfsdatathroughthe  
transparentactivationofexternalmechanismsthatexecutethesecontentりPe  
behaviors，   
。aSSOCiationofexternalrightsmanagementschemeswithanydisseminationofan  
O句ect’scontents．   
・eXtenSibilityfbrcontenttypesandrightsmanagementSChemes・   
FEDORAde員nesacontainerabstractionknownastheDigita［Objectthatencapsulates  
multimediacontentintypedbytestreampackagescal1edDataStreams．Theactualbyte  
StreaminaDataStreammaybelocal（Orinternal）totheDigitalO句ect，Oritmチybea  
reftrencetodataexternaltotheDigita10切ect（e．g．，areSultofaGETtransactlOnfroman  
HTTPserver）．ThisallowsaDigitalO句ecttobeactasavalue，addedsurrogatefbrother  
COntent；aCaPabilitywhichisexploitedinourpolicyenfbrcementworkoutlinedinSection  
2．3．   
AllDigita［Objectshaveasetofgenericbehaviors（thePrimitiveDisseminator  
methods）tocreateandaccessDataStreamsandtomanipulatethestruCtureOfthe  
Digita10bject．TheDigita［Objectalsohasanextensibleinterfacelayerthatprovides  
Views，Ordisseminations，Ofencapsulateddatainacontextual1ymeaningfu1manner・A  
disseminationcanbeadirecttranscriptionofstoreddata（e・g．aPageOfabook），any  
COmPutablederivationofstoredcontent，aninteractiveo旬ect（e・g・，abookviewing  
applet），OranymiⅩtureOfthese．ADisseminatorisaFEDORAcomponentthat  
associatesaneXtendedsetofservicerequestswithaDigita10bjecttoproduce  
disseminations．  
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Figure2～FEDORAdigitalobject   
ThearchitecturalsegregationofstruCture，eXtenSibleinterfaces，andmechanismsfor  
executingextensiblebehaviorsiskeytotheFEDORADigitaIObjectmodel・ManytyPeS  
OfDisseminatorscanbeassociatedwithaDigita10bjecttoextenditsbehaviorbeyond  
thegenericmethods．Forexample，aDigitaJObjectcanhaveaDisseminatorthat  
endowsitwithasetbook－1ikebehaviors，allowlngaClienttointeractwiththe  
DigitaIObjectthroughasetofrequestssuchas‖getnextpage’’or’’getnextchapter．‖  
EachDisseminatorreftrencesaSignaturewhichisafbrmalde凸nitionofthesetof  
methodsthatpertaintoaparticularDisseminatorType・ItalsoreftrencesaServIet  
Whichisamechanism（aprogram）thatexecutesthemethodsde丘nedbythereftrenced  
Signature．BothSignaturesandServletscanbestoredinDigitaIObjectsand  
registeredwithaglobaln血ngservice（e．g・，theHandleSystem）．Thiscreatesadefacto  
registryofDisseminatorTypes・－SignaturesandServletsbecome’’known’fwhentheir  
namヲS（e・g・，URNsoftheirDigita（Objectcontainers）areregisteredwithaglobalnaming  
Serv1Ce．AFEDORARepositoryprovidesanenVironmentfbractivatlngandrunnlng  
Servtets．   
AsimpleFEDORADigitaJObjectisdepictedinFigure2．Itcontainsastructuralkemel  
WithtwoDataStreams（aPostscriptstreamandMARCmetadata）andthe  
PrimitiveDisseminator，Whichisthesetofgenericservicerequests．Therearealso  
threeDisseminators（BOOK，M姐⊂，andDublincore）・ClientscanObtainvari？uS  
disseminationsoftheDigita［ObjectbyinvokingthemethodsofeachDissemrnator．  
Forexample，aClientcanobtainaDublinCorerecordbyinvokingthegetDCRecord（）  
request．AlthoughthereisnoDublinCoredatainsidethiso句ect，theDCDisseminator  
activatesaneXternalmechanismthatderivesDublinCorefromMARCdata．Thisisone  
SimpleexamPleofhowtheunderlyingstruCtureOfaDigita］Objectisdistinctfromthe  
disseminations it can produce. 
0verthepastyear，theCDLRGhasbeendevelopingandexperimentingwithaprototype  
implementationoftheFEDORAarchitecture・ThisprototypeisimplementedinJavaand  
usestheCORBAdistributedo句ectmodel．Inourresearch，theprototypehasbeenused  
fbrarangeOfinteroperabilityexperiments［遁】withco11eaguesat∈城辺（Corporationfbr  
NationalResearchInitiatives）．FEDORAwillalsobeusedasthebasisfbrexperiments  
Withpolicyenfbrcement，describedinSection2・3・Inaddition，a画  
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巨星⊆坦基金isavailableforotherresearcherswhowishtousetheimplementationfordigital  
libraryexperimentation．   
2．3 Po且icyEm餌陀ement   
Thispaperbeganwithadefinitionofdigitallibrariesthatcontainsthenotionof  
managementlayeredontopofiゆ・aStruCture．Inparticular：adigitallibraryiTd［astructure  
PrOVidestheservicede蔦nitions，PrOtOCOIs，anddigitalo叫ectmodel；digitallibrary  
instancesexploitthisinfrastruCturebyselectlngServicesandcontentandadministerlng  
POliciesonthoseselections．   
Itisillustrativetocompare thesedigital1ibrarylnStanCeStOthecurrentnotionofaportal  
OntheWeb，fbrexampleLycos，Yahoo，andAltaVista・Theseportalsofftraccessto  
distributedcontentafldprovidesomeservicesoverthiscontent（e．g．，SearChing）．Yet，  
thereislittleargumentthatthesecurrentportalsdonotprovidethelevelofcuratorial  
responsibilityundertakenbyexistlnglibraries．ThemodelofadigitallibrarylnStanCe  
PrOpOSedherecanbethoughtofasahybridportal・Itnoton．1yexpandsthetraditional  
POrtalcon？ePtWithenhancedservicesandcontent（asdescribedinSections2・1and2・2），  
butrecognlZeStheneedfbrintegritymaintenance（CuratOrialresponsibility）ranging蝕・Om  
CaSual（adistributede－Printarchive）tostrictandbroadranging（aresearChlibrary）．The  
efftctthenisthatcontentandmechanismsmaybesharedamongmultipledigitallibraries，  
butthepoliciesappliedtothatcontentandservicesaretailoredtotherequlrementSOfthe  
OrganizationadministerlngthedigitallibrarylnStanCe．   
DigitallibrarylntegrltyrequlrementS－forsecurlty，PreSerVation，OrOtherwise－Canbe  
expressedthroughformalstatementscalledpolicies．Theissueofpolicyfbrmulationand  
enfbrcementfbrdigitallibrariesisam往IOrfocusoftheresearchoftheCDLRG．Policy  
enfbrcementmechanismsneedtobeconstruCtedthatpemitenfbrcementregardlessofthe  
levelofcontrolthedigita‖ibrary（thepolicyfbrmulatorandenfbr誓mentagent）hasover  
thedistributedobjectsandservices．Inthiscontext，WeareeXaminlngtheimplementation  
Ofapolicylayerthroughwhicheachdigital1ibrarycanenfbrceitspoliciesontherangeOf  
COntentandservicesandrangeOfcontroloverthatcontentandservices．   
Libraries，digitalorotherwise，fbrmulateandenforceanumberofpolicies・Inour  
researchwehavechosentofbcusontwo：■1）security，managementOfaccesstocontent，  
and2）preseTVation，thelong－termarChivingofcontent．Researchinpreservationis  
addressedmorefu11yinSection3．1．   
Themanyfbrmsofcontentindigitallibrariesoffernewcha11engesforthefbrmulationof  
SeCurltyandpreservationpolicies・Twoexamplesfromthesecuntydomainare  
illustrative：   
1．Rawdatabasesarelikelycandidatesforinclusioninadigitallibrary，SOCOnSideran  
electronicdocumentthatencapsulatesanOPinionsurvey（database）withsof亡WaretO  
accessthedata・Thedocument，spublisher－tOPrOteCtitsinvestment－might  
StlPulatethatthedatabase，thoughreadableinitsentirety，neVerbecopied；the  
SurveyPartlCIPantSMtOPrOteCttheirprlVaCy－mayhavestlPulatedthatonlycertain   
（PerSOnallyuncompromising）setsofqueriesagainstthedatabasebeallowed・   
2・Theproviderofanimagedatabasemightwishtomakelow－reSOlutionrenderingsof  
databaseimagesgenerallyavai1ableandhigher－reSOlutionrenderingsaccessibleonly  
undercertainconditions．  
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Inordertounderstandtheefftctofthesemanyfbrmsofcontentindigitallibraries，One  
thruStOfourresearchwi11beathoroughanalysISOfsecurltyandpreservationrequlrementS  
inthedigital1ibraryCOnteXt・Thisanalysiswi11takeintoaccountthediversltyOf  
stakeholdersthatneedtobeserved－fbrexample，traditionalandnon－traditional  
publishers，authors，andtheestablishedresearChlibrarycommunlty・Itwi11alsoconsider  
theimpactoftheportalmodel，inwhichcontentisdistributedandtherefbreliesoutside  
thecontroIzone［i皇】oforganizationstryingtofbrmulateandenfbrcepolicies・   
Inadditiontothefbrmulationofsecurltyandpreservationpoliciesfbrthesenewgenresof  
content，thereremainstheproblemofenfbrclngthepoliciesinadigitallibrary・The  
mechanismsfbrpolicyenfbrcementinexistingcomputerapplications－fbrexamPlethe  
read，Write，andexecuteaccesstoⅢesandprogramsthatmostoperatlngSyStemS  
implement－areSOmedistancefromthoserequiredtoenfbrcethecomplexpolicieswe  
envisageindigitallibraries・Theprudentcourseindesignlngadigital1ibraryarchitecture  
istoprovidesupportfbranextremelywidevarietyofsecurltyPOlicies・Ourintention，  
therefbre，istotakeenfbrceabilityaStheonlyhardconstraintonwhatpoliciesareallowed，  
andbuildmechanismsbasedonafbrmalnotionofenfbrceability．   
WebaseourresearChinthisareaonafbrmalde貞．mitionofefdbrceabilityforaclassEM  
（fbr助ecutionMonitoring）［29］ofpoliciesthatcanbeenfbrcedusingmechanismsthat  
WOrkbymonitoring（anyaspectof）systemexecution・Theexecutionstepsmonitoredmay  
range丘om負ne－grainedactions（SuChasmemoryaccess）tohigher－1eveloperations（SuCh  
asmethodcalls）tooperationsthatchangethestateofanObjectandthusrestrict  
Subsequentexecution．   
Thefbrmalde丘nitionof且材isoutsidethescopeofthispaper・Asasubstitute，afbw  
exampleswillsuffice．Al1knownhardwareandoperatlngSyStem－basedmechanisms，SuCh  
asthoseal1udedtoearlierthatrestrictaccesstonles，areinBM．Thepoliciesdiscussed  
abovefbrthesurveydatabaseareinstanCeSOfsuchEM－enfbrceableaccesscontrol  
policies・Rightsmanagementpoliciesdiscussedinconnectionwithelectronicdocuments  
【之i］alsofa11intothisclass．AftwexamplesoutsidethescopeofEMarealsoillustrative・  
Policyen丘）rCementmeChanismsthatusemoreinfbrmationthanbecomesavailableonly  
fromobserv1ngthestepsofatarget’sexecutionare，byde員nition，eXCludedfromEM・  
InfbrmationprovidedtoanEMmechanismisthusinsufncientfbrpredictlngfuturesteps  
thetargetmighttake，alternativepossibleexecutions，Orallpossibletargetexecutions・   
Giventhisnotionofenfbrceability，OurreSearChisthenproceedingontwotracks‥   
1・DeveloplngnOtationsfbrexpresslngSeCurltyandpreservationpoliciesand  
developlngmethodsandtooIsfbrformulatingaspoliciestherequlrementSOf  
authors，Publishers，andlibrarycustomers・  
2・DeveloplngPraCticalenfbrcementmechanismsfbrthosepolicies■   
Inaddresslngthetwoissues，WeWillexploiton－gOlngWOrkatComellinnewpolicy  
enfbrcementmechanisms．All且加トenfbrcementmechanismscanbeviewedas  
implementlnganautOmatOnthatmakesatransitioneachtimethetargetsystemdoesand  
thatcausesthetargetsystemtohaltifeveranactionisbeingattemptedthatdoesnot  
COmPlywiththepolicybeingenfbrced・Practicalrealizationsofthisabstractionarethus  
basedonthreemechanisms：  
－10－   
◎Theremustbeawaytoidentifvthetransitionsinthetargetsystem．Atransition  
maycorrespondtoaccesslngamemOrylocation，tOeXeCutlngamaChinelanguage   
instruction，tOeXeCutingonlycertainspec摘cmachinelanguageinstruCtions（e．g．，  
SuPerVisororkernelcalls），OrtOeXeCutingcertainprocedures，functions，Or  
methods・Thelevelofgranularityoftransitionsdependsonwhateventsarebeing  
COnStrainedbythepolicy・  
⑳Theremustbeawaytokeeptrackoftheenforcemenトautomaton’scurrentstateand  
fortheautomatontochangestateinresponsetotransitionsmadebythetarget  
SyStem・  
◎ TheremustbeawayfbrtheenfbrcementmechanismtotrlggereVentSinthetarget  
SyStem（e．g．，Whenthesecuritypolicyisabouttobeviolatedaccesstoadigital  
O叫ectshouldbeterminated）．   
WeareCurrentlyexperimentlngwiththesepolicyenfbrcementmechamismsinthecontext  
OfourFEDORAdigitalobjectmodel．TheassumptlOnisthatwecanbuilddigitallibrary  
SPeCific”policyenfbrcementlayers”bycreatlngdigitaloりjectsurrogatesfordistributed  
resources．Asdescribedear1ier，theDataStreams“contained”inaDigita10bjectmay，  
infact，beremotedatadisseminatedbyotherdigitalo句ectsor，infact，fromanyother  
PrOtOCOltransaction（e．g・，HTTP）・Thus，itispossibleto，inasense，“impose”policieson  
externalobjects．Forexample，WeCanbuildasurrogatedigitalobjectthatservesasa  
PreSen）ationmonitor（thatimplementssomepreservationpolicy）forsomeexternal  
COntentandthattriggersnotificationeventsindefinedcases（e・g・，Whenconversionofan  
O句ectisnecessaryduetoanewsoftwareversion）・FEDOR・Adigital叫iectsthenbecome  
POlicvcarり′lngCOntainers，inadditiontocontentandbehaviorcarrylngCOntainersas  
describedinSection2．2．ThisconceptlSi11ustratedinFigure3，Whichshowsasimple  
digitaloりjectcontainlngaPOlicystatementandreftrencecontentavailablethroughan  
HTTPGET．AdisseminatorisassociatedwiththeseDataStreamsthatenforcesthepolicy  
Ontheremotecontent（e．g．，Sendsanalertwhenapreservationstatechangeoccurs）・  
Figure3－PolicyCarrylngObject   
Animportantrelatedissueofthisresearchisthetensionbetweenvarylnglevelsofcontrol  
OVerdistributedcontentandservicesandthetypesofpoliciesthatneedtobeenforced・  
Forexample，itmaybenecessaryto”assert”fu11controloverano句ectincertain  
Situationsinordertoachievecertainpolicies（e．g．，COPytheobjectlocal1ytoensureitsfull  
－1ユー   
preseⅣation）・   
2．4 MetadataIntcroperability   
TheworkoftheCDLRGinmetadatainteroperabilitybuildsonseveralyearSOfactive  
Participationinthe建：M圭（DublinCoreMetadataInitiative）・Ourprimaryinterestin  
DCMIhasbeentheroleoftheDublinCoreElementSetinabroadermetadatafabric．  
ThisistheissueaddressedbytheWF（WarWickFramework）［2呈，23］，Whichdescribesa  
COntainerarchitecturefbrassociatingmultiplemetadatavocabularies（PaCkages）with  
digitalobjects・Wenotethatthiscontainerarchitectureandsubsequentworkonit［24］  
PrOVidedthefoundationfbrtheFEDORAarchitecture・   
ThemotivationfbrtheWFisthebeliefthatmetadatashouldbemodular－individual  
COrrmnitiesshouldcreateandmaintainmetadatavocabulariesapproprlatetOtheirareas  
Ofexpertise・Forexample，Whereasbibliographicmetadatashouldbecreatedand  
administeredbytheinformationmanagement（1ibrary）community，metadatagoverning  
termsandconditionsfbraccessshouldbethejurisdictionoftherightsmanagement（1egal）  
COmmunity・Thismodularityencouragesmetadatacommunitiestoscopetheirindividual  
effbrtsandencouragesthemtoavoidattemptsatdeveloplngauniversalontology・Instead，  
individualmetadatacommunitiesshouldconcentrateonclassifyingandexpresslng  
Semanticstailoredtowarddistinctfunctionalandcommunityneeds．WarwickFramework岬  
1ikemodularityunderiiesthedesignoftheW3C’s  
（RDF）［25］，Whichisamodelingftameworkfortheintegrationofdiverseapplicationand  
COmmunity－SPeCincmetadatavocabularies．   
WhiletheWarwickFrameWOrkproposesmodularityasfundamentaltoaworkable  
metadatastrategy，1treCOgnlZeSanumberofchallengesintheimplementationofsuch・An  
OutStandingoneistheinteroperabilityofmultiplemetadatapackagesthatmaybe  
associatedwithandacrossresources・Thesepackagesarebynaturenotsemantically  
distinct，butoverlapandrelatetoeachotherinnumerousways・Achievlnginteroperability  
betweenthesepackagesviaone－tO－OneCrOSSWalks［；迫】isuseful，butthisapproachdoes  
notscaletothemanymetadatavocabulariesthatwi11inevitablydevelop．   
Amorescalablesolutionistoexploitthefactthatmanyentitiesandrelationships－for  
example，PeOPle，Places，Creations，Organizations，eVentS，Certainrelationshipsandthelike  
－areSOfrequentlyencounteredthattheydonotfal1clearlyintothedomainofany  
Particularmetadatavocabularybutapplyacrossallofthem・   
WeareCurrentlyinvestigatingalogicalmodelfbrmetadatainteroperability［21トwith  
theratherinsipidtitleABC－thatisexaminlngthenatureofthesecommOnentitiesand  
relationships・ABCisanattemptto：  
●formal1ydefinetheseunderlyingcommonentitiesandrelationships；   
・describethem（andtheirinter十relationships）inasimplelogicalmodel；   
●PrOVidetheframeworkfbrextendingthesecommonsemanticstodomainand  
application－SPeCincmetadatavocabularies．   
Theconceptsandinter－relationshipsmodeledinABCcouldbeusedinanurhberofways・  
Inparticular：   
1・Individualmetadatacommunitiescouldusetheseunderlyingconcepts（theABC  
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VOCabulary）toguidethedevelopmentofcommunity－SPeCificvocabularies・These   
individualcommunitiescoulduseわrmalismssuchasRDFtoexpressthepossibly  
COmPlexrelationshipsbetweentheABCmodelandtheircommunlty－SPeCinc  
VOCabularies．   
2．Thefbrmalexpressionoftherelationshipsbetweencommunlty－SPeCinc  
VOCabulariesandtheABCmodelcouldprovidethebasisfbramorescalable  
approachtointeroperabilityamongmultiplemetadatasets・Ratherthanone－tO－One  
mapplngSamOngmetadatavocabularysemantics，amOreSCalablebasisfor   
interoperabilitycouldbeachievedbymapplngthroughthiscommonloglCalmodel・   
Thisresearchisinitsearlystagesbutwillbethesubjectofa蜘heldattheendof  
January2000．Thisworkshopwillbringtogetherasmallnumberofexpertsfromthe  
metadataanddatamodelingcommunltyandwi11produceadocumentthatrennesa  
COnCePtualmodelthatcouldbeusedandrennedbyindividualmetadatainitiativesand  
applicationdevelopers．   
2．5 ScholarlyPublishing   
ThesearetumultuoustimesfbrscholarlypublishingOntheonehand，thereisasenseof  
seriouseconomicimbalanceassubscrlPtlOnPrlCeSforscholarlyjournalsriseataratefar  
exceedinginflationandputtremendouspressureonflatresearchlibrarybudgets【2＆］・On  
theotherhand，therapidpaceofadvancesinanumberofdisciplines（e・g，COmPuter  
SCience，Physics，law）conflictswiththerelativelyslowturn－arOundofthetraditional  
SCholarlypublishingmodel．   
Anumberofexcltlnginitiativesarerespondingtothesepressures・Severalscholarly  
disciplines，eSPeCialユythehardsciences，havelaunchedambitiouse－Prlnteffbrts・The  
mostnotableexampleisthephysicsarchive（鉱由）hostedbyLosAlamosNational  
Laboratory．WeatCornellhavebeenactiveine－Prlntinitiativeswithinthecomputer  
SCiencecommunitybothwithNCSTRL（SeeSection2．1）andQ盛基（theComputer  
ResourceRepository）［＆］・Inaddition，anumberofscholarlypublicationshavebeen  
Startedthatareonlyavailableindigitalfbrm．ForexamPle，Corne11andCNRIjointly  
Publishp瑚，amOnthlypublicationdocumentlngdigita11ibraryresearch・  
Finally，manymembersofthetraditionalpublishingcommunltynOWmaketheir  
Publicationsavailableinelectronicform（fbrexample，theACM4主裏！糎）・   
Aprevailingmeta－queStioninthesedigitalpublishingeffbrtsiswhatisthepropermodel  
forinteroperabilityamongstthem？Researchers，Whooftencrossdisciplinaryboundaries，  
WillsufftralossifthetraditionalsinglepolntOfaccessofftredbytheprlntlibrarycatalog  
transitionsinthedigitalagetoaplethoraofindividualentrypolntS・   
Thesequestionsofinteroperabilityarefundamentallythosethatweareexamlnlnglnthe  
COnteXtOfourin丘astructureresearch，describedinSection2．1．AspartOfthisresearch，  
WeareinvoIvedintheOAI（O野町Ar蜘）【29］・OAIdevelopedatameeting  
heldinOctober1999inSantaFethatwasattendedbyanumberofpeoplealreadyrunnlng  
digitalscholarlyarchivesoractivelyinterestedintheissue・Thepurposeofthemeetlng  
WaStOdevelopstandards払rinteroperation・Themeetlngendedwithagreementona  
hafVeStlngmOdelofinteroperability，WherebyparticIPatlngSiteswillfollowastandardfor  
makingcommonandspecincmetadataavailable・Thismetadatacanthenbeusedby  
mediatorseTVicesthatbuildadditionallayersoffunctionalityuslngthisinfbrmation・  
SomeexamPlesoftheseadditionallayersareftderatedsearching，abstractlngandindexing  
岬13－   
Services，andso－Called“overlayjournals”（Whichcombinedocumentsfrommultiple  
resourcesintoavirtualjournal）．Oneareaofspecialinterestinourresearchisr早々rence  
linking，describedingreaterdepthinSection3・3・   
TheOAlagreementcontainsthefollowlngCOmPOnentS：  
・Averysimplecommonmetadatastandardfbrcoarsegranularityresourcediscovery  
purpOSeS・   
●Asimpleprotocolforharvestlngthismetadata，Site－SPeCincmetadata，andother  
basicinfbrmationfromparticIPatlngarChives・Thisprotocolisasubsetofthe  
Dienstprotocol．   
TheOAIisstillinveryearlystagesbutithasalreadyattractedaslgnincantamountof  
attentionfromthescholar1ycommunlty・Fromthestandpointoftheresearchofthe  
CDLRGitprovidesanumberofbenents：  
●ItraisesawarenessoftheDienstprotocolasavehiclefbrricherinteroperability・   
・ThesuccessoftheOAIandtheadoptlOnOftheharvestlngStandardbyanumberof  
COntentPrOvideswi11increasethenumberofco11ectionsfbrourworkonpolicy  
enfbrcementdescribedinSection2．3  
2．6 NomadicDevices   
Ingeneral，digitallibrarytechnologyassumesthattheuserhasanetworkedpersonal  
COmPuterthatisusedtoaccessservercomputers，Whichstorecontentandprovide  
informationservices・Inpractice，PeOPleincreaslnglyuseavarietyofcomputlngdevices  
intheirdai1ylivesnotallofwhichareCOntinuouslyconnectedtoanetwork・This  
growlngPrOliftrationofpalmdevices，hand－heldcomputers，disconnectedlaptops，and  
embeddedprocessors（e・g・“Smart”mobiletelephones）offtrexcitingopportunitiesforthe  
CreationofpersonalizedゆT7nation5PaCe彗－digitallibrarieswithcollectionsandservices  
thatcorrespondtotargetedneedsandsituatlOnS・Increaslngly，WeeXPeCtthatindividuals  
Willwanttoexploitthemobilityofthesedevicesandusethemfbrstorage，aCCeSS，and  
updateofselectedinfbrmationresourceswhennetworkaccessisimpracticalor  
impossible．   
DeveloplnganddeploylngthesenomadicdigitallibrarieswillrequlreteChnologythatis  
SenSitivetotwocriticaldimensionsofthesedevices：   
1・DevicecqpabilityーEachcomputingdevicehasuniquehardwareCharacteristics，   
includingdisplaycapability，1nPutmeChanisms，PreSentation・SOftware，andhardware  
CapaClty・   
2・DeviceConnectivityーTheconnectionsofthesedevicestothenetworksvaryinboth  
PermanenCeandspeed．   
Thesetwodimensionscanbecharacterizedasdeviceqpprqpriateness・TheCDLRGis  
Currentlyundertakingaresearchandimplementationprq］eCttOinvestlgateanumberofthe  
SalientproblemsinrealizingnomadicdigitallibrariesthatareSenSitivetodevice  
awareness・ThisresearchprogramhasthefbllowlngCOmPOnentS：  
・勒nchronizationdPe7TOnal坤rmationSbaces－Thisresearchisaddressingwhat  
COnStitutesacoherentcollectioninadigitallibrarydistributedamOngmultiple  
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devicetypes・Weareextendingthecollectionabstractionthatwedevelopedfor  
“attached”digital1ibraries［ユ旦］tonomadicdeviceswithvaryingconnectivityand  
hardwarecharacteristics．Thisraisesfundamentalissuesrelatedtothe  
SynChronizationoftheco11ectionamongdevices．   
。RemoteR‘痴renceLJinking－Weareinvestigatingissuesofreftrencelinking［39］in  
thecontextofdisconnecteddevices・ThisinvoIvesinvestlgatlnganumberof  
questionsinthisarea・WhatistheapproprlatePartitionlngOfreftrencelinking  
mechanismsbetweenthemobiledeviceandp町ticIPatlngServerS？Howcanthis  
Partitionlngbedoneinadevice－aWaremanner？Howcanthismodelbeextended  
toasetofoccasional1yconnectedmobiledevices－fbrexample，howmightagroup  
OfindividualsatameetlngSharerefbrencesthroughtheirinfraredports？   
。Disseminations－Thecapabilityofanindividualdevicemustbeconsideredwhen  
disseminatlngdigitallibrarycontenttothatdevice▲Forexample，auSerOfadesktop  
WOrkstationwithafastnetworkconnectionmaywanttoseearichlyillustrated  
disseminationofabook，buttheuserofapalmdevicemaynndanabbreviatedtext－  
Onlysummaryapproprlate■Weareinvestlgatlngthemechanismstoa1lowmatching  
Ofdevicecharacteristicswithdisseminationcapabilitiesofanindividualdigital  
Object．ThisworkbuildsontheFEDORAdisseminationcharacteristicsdescribedin  
Section2．2．  
● 3 FundedResearchPrqjects  
Thissectionbrieflysummarizesthefundedresearchprq）eCtSOftheCorne11DigitalLibrary  
ResearchGroupwithinwhichresearchontheabovetopICSisbeingcarriedout・   
3．1PrqjeetPrism   
ProiectPrismisprq）eCtfundedaspartoftheU・S・multiagencyDig豆  
Phase2．PrismisacollaborationbetweentheCDLRG，theCorne11UniversityLibrary，  
andtheCornellHumanComputerInterfaceGroup・TheprqJeCtisinvestigatlngintegnty  
issuesandpolicyenforcementindistributeddigital1ibraries・   
AparticularfbcusofPrismisdigital1ibrarypreservation・Themediahasalertedthe  
AmericanPublictothelossofvaluablematerialsmaintainedonlyinelectronicform［3i］・  
Asdescribedin［31］，therearenocヮrrentlyagreed－uPOnPrOCeSSeSOrmOdelprpgramSfbr  
PreServ1ngdigitalcollectionsovertlme．MostexistlngdigitalpreservationprqJeCtS  
approachtheproblem丘omthenarrowperspectiveofspecificmediaorissuesrelatedto  
COntentalone．ThePrismprq］eCtistakingabroaderapproachthatisexaminlng  
PreServationissues丘・Omboththepolicyandtechnicalperspective・   
PolicyworkonpreservationwithinPrisminvoIveslibrarianS，arChivists，andinformation  
SPeCialistsworkingtogethertodevelopformalfunctionalrequlrementSfbrdigital  
PreServation・ThisrequlrementSdennitionworkisfocuslngOnfactorsrelatedtodigital  
0りjectvu1nerabilityandissuespertainingtopreservingdigital0句ectsandassociated  
Servicesinadistributedenvironment，Withtheattendant‖controIzone’tissuesdescribedin  
Section2．3．   
TechmicalworkwithinPrismonpreservationisfocuslngOn thedesignand  
implementationofaPresenJationServiceaspartofawidercomponent－based  
architecture・Thisserviceinteractswithotherdigital1ibraryservicestodetectvu1nerable  
Objectsandinitiatepreservationactionsbasedonindividualpreservationpolicies・Among  
－15－   
thetasksthatsuchaservicemightperfbrmare：broadcastlngaPreServationalertoraset  
OfconditionsthatrequlrePreServationaction，detectlngO切ectsthatsatisfytheconditions  
OfthealertorasetofconditionsthatrequlrePreServationaction，detectingobjectsthat  
Satisfytheconditionsofthealert，disseminatlngO句ectstateinfbrmation，Orinitiatlnga  
rangeOfpossibleactionsfbrpreservlngVulnerableo句ects．Onechal1enge，aSOutlinedin  
Section2・3ishowtoimplementpreservationtasksinthecontextofdistributedcontent  
andserviceswithvarylnglevelsofcooperationfromthecontentandserviceproviders．   
3．2 Ⅱarmony   
H町叩O野1Safundedaspartofthei9intBW  
蜘・Theprq】eCtisaninternationalco11aborationinvoIvingtheCDLRGand  
researchersfromtheUnitedKingdomandAustralia．   
HarmonylSinvestigatingtheissueofmetadatainteroperability．DescrlPtlOnOfsingle－  
mediumatomicdigitalresourceshasadvanCedinthepastseveralyearsduetothe  
developmentofmetadatastandardssuchasDublinCore，Whichprovidesaframeworkfbr  
describingsimpletextualorimageresources，andMPEG－7［33］，Whichwillprovidethe  
Samefbraudio，Video，andaudiovisualresources．   
WhilesuchsinglemediumdocumentsareCertainlyusefu1andprevalent，thepotentialof  
digitallibrariesliesintheirabilitytostoreanddelivercomplexmultimediaresourcesthat  
COmbinetext，image，audioandvideocomponents．Therelationshipsbetweenthese  
COmPOnentSaremultifacetedincluding temporal，SPatial，StruCturalandsemanticandany  
descrlPtionsofamultimediaresourcemustaccountfbrtheserelationships・   
TheHarmonyPrqjectisinvestlgatlnganumberofkeylSSueSindescribingsuchcomplex  
multimediaresourcesindigitallibrarieswiththefb1lowlngkeygoals：  
●Collaboratewithmetadatacommunitiestodevelopandrefinedeveloplngmetadata  
Standardsthatdescribemultimediacomponents．   
●InvestigateaconceptualmodelfbrinteroperabilityamOngCOmmunlty－SPeCinc  
metadatavocabularies・Suchaconceptualmodelshouldbeabletorepresentthe  
COmPlexstruCturalandsemanticrelationshipsinmultimediaresources・   
・InvestlgatemeChanismsfbrexpresslngSuChaconceptualmodel，including  
technologiescurrentlyunderdevelopmentintheW3C（ⅩML，RDF，andtheir  
associateschemamechanisms）．   
・DevelopmechanismstomapbetweencommunitySPeCi缶cvocabulariesusingsucha  
COnCePtualmodel．   
TheABCworkshop，describedinSection2・4，isbeingorganizedaspartoftheHarmOny  
prqJeCt・   
3．3 0pCit   
廼，TheOpenCitationPrqject，isathree－ye㌣Prqject（1999－2002）fundedaspartof  the郎t・TheprqJeCtisaninternational  
COllaborationinvoIvingtheCDLRGwithresearchers血■OmtheUnitedKingdom．   
OpCitisinvestigatingtheissuesofreftrencelinking［30］，ageneralizationofcitation  
linking，Whichiswelldevelopedinthetraditionalinfbrmationproftssions，anda  
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refinementofhyper－1inking，uSedontheWeb．ThegoalofreftrencelinkinglStOenable  
accesstocontenトWhichmaybeadigitalo切ect，aCO11ectionofdigital0句ects，Ora  
POrtionofadigital0句ect－fromarefbrencetothatcontent．Thereftrencemaybea  
URN，aURL，afbrmalcitationintheformofafbrmattedbitliographyentry，Oran  
informalphrasethatreftrestoawork－forexample，‖BillArms，1atestbookondigital  
1ibraries”．   
TheOpCitprqectis丘）1lowlngtWOinteトrelatedpaths：   
l・OurU・K・PartnerSareeXaminlngreftrencelinkingwithinthecontextofthe豊』旦  
Alamose－Printafchive．   
2．TheCDLRGisexaminlnglinkinglSSueSamOngSeVeralarchives．ThisinvoIves   
investlgatlnggenericlinkinglSSueSSuChasthenatureofa“1inkableAPI”fbra  
digitalo句ectandthearchitectureofa“1inkingservice”thatcouldco－eXistwith  
Otherdigitallibraryservices．   
3．4 D－LibTestSuite   
TheD－Lib瑚i蛤isagroupofdigital1ibrarytestbeds，fundedbyDARPA，thatare  
madeavai1ableovertheInternetfbrresearchindigitallibraries，infbrmationmanagement，  
COllaboration，Visualization，andrelateddisciplines．TheTestSuitecurrentlyincludessix  
testbeds，OneOfwhichisthe蝉諾墨軋collectiondevelopedandadministeredbythe  
CDLRG．   
NCSTRL（PrOnOunCed”anCeStral‖）isanintemationalcollectionofcomputerscience  
researchreportsandothermaterialsmadeavai1ablefbrnon－COmmerCialusefromoverlOO  
PartlCIPatlngOrganizationsworldwide・ByandlargetheseorgmizationsarePh．D．granting  
COmPuterSCiencedepartments，e－PrlntrePOSitories，electronicJOurnals，andresearch  
laboratories・TheNCSTRLcollectioniscontinual1ygrowlngaSneWinstitutionsbecome  
ParticIPantSandasexistlnglnStitutionsaddnewdocuments．DocumentsintheNCSTRL  
COllectionsarealmostal1textualranglnglnSizefromlOO－Pluspagedoctoraldissertations  
toshorttechnicalreports．   
NCSTRLisaftderateddigital1ibrary；COntent，andservicesthatprovideaccesstothe  
COntent，aredistributedoversitesinNorthAmerica，EuropeandAsia．Interactionbetween  
ServicesandaccesstodocumentsisviatheDienstprotocol（describedinSection2．1），an  
OPenService－basedprotocolfbrdistributeddigitallibraries．   
3．5 NomadicDigitalLibraries   
TheNomadicDigitalLibrariesPr句ect，reCentlybegun，isasmall辿－fundedprqJeCttO  
investlgatetheapplicationofdistributeddigitallibrarytechnologytonomadic  
（disconnectedorrandomiyconヮected）devices（e・g・palmdevices，hand－helds，and  
roaminglaptops）・ThisprqjectlSOneCOmPOnentOfadevelopingnomadiccomputing  
researchfbcusintheCornellComputerSciencedepartment．   
4 Conclusion   
ThisisaneXCltlngtlmetObeinvoIvedindigital1ibraryresearch・Initialsuccessesin  
researchprqjectsandprototypeSinthe1990’ssetthestageform毎OradvanCeSinthefield  
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OVerthenextftwyears．   
ThispaperhasdescribedresearchoftheComellDigitalLibraryResearchGrouplna  
numberofareaSthatareimportanttothisfutureprogress．Workonarchitectural  
COmPOnentSlaysthegroundworkfbrmovlngdigitallibraries丘omlocaltodiverseand  
broadlydistributedsystems．Workondigitalo切ectarchitecturesprovidesthe  
mechamismsfbrrichandvariedcontentindigitallibraries・Workonpolicyenfbrcement  
investlgateSthekeylSSueOfextendinginfbrmationintegrlty，Whichissowellestablished  
andimportantin“brickandmortar”libraries，tOthedistributeddigitaldomain．Workon  
newpublishingmodelsexaminesinfbrmationdistributiontechmiquesthatexploitthese  
newarchitectures・Final1y，WOrkonnomadicdevicesinvestlgateSeXtendingthese  
techniquestothelatestdevelopmentsinhardwareandnetworking・   
Welookfbrwardtotheseprq】eCtSCOntributingvaluableresultsandgeneratinglntellectual  
energyfbrfutureresearcheffbrts．   
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